Background: Sleep quality in hospitalized medicine patients is poor, with environmental factors among the most frequently cited reasons. Objective: We tested the efficacy of a non-pharmacologic intervention on the sleep quality of medicine inpatients. Design/Methods: A controlled study to evaluate our non-pharmacologic multidisciplinary 'TUCK-in' protocol (which includes timed lights-off periods, minimizing night-time noise, distribution of earplugs at bedtime, cued toileting before bedtime, and identification and reduction of modifiable interruptions) was deployed on two of five identical medicine wards. Randomization was at the level of the ward.
Introduction
Insomnia is associated with negative outcomes, such as depression, anxiety, and poor memory [1] . Poor sleep is common in hospitals [2, 3] . Environmental factors most frequently contributing to poor sleep include noise and night-time disruptions, inappropriate lighting, and lack of daytime stimulation leading to loss of a normal sleep-wake cycle. [4] Sleep hygiene protocols can improve sleep quality [5] . While this is well-studied in outpatient settings, the inpatient literature is predominately in critical care units, where evidence suggests non-pharmacologic protocols decrease delirium and improve subjective sleep quality [6] . Similar studies in non-critical care settings exist but have inconsistent results and include costly and time-consuming interventions, such as white-light lamps or nursing-led relaxation techniques [7] . One previous study introduced a protocol that aimed to reduce interruptions and had outcome measures of quality of sleep and use of asneeded sleep medications. Their sleep quality data was unusable as the majority of patients felt too ill to complete the questionnaires. However, they did show a significant decrease in use of as-needed sleep medication [8] .
Our goal was to test the efficacy of a multidisciplinary non-pharmacologic intervention on the sleep quality of hospitalized patients on general medical wards. Our protocol included scheduled lights-off, minimized nighttime noise, distribution of earplugs, cued toileting, and identification then elimination of modifiable interruptions. We used the mnemonic 'TUCK-in' (Figure 1 ) to represent our sleep hygiene protocol.
Methods

Design
This was a controlled study performed at an 880-bed quaternary centre in Edmonton, Alberta, Canada. Two of the five general internal medicine (GIM) wards were assigned to be intervention wards and the other three control wards. Approval was obtained from the University of Alberta Research Ethics Board (Pro00059588). Written informed consent was obtained from participants prior to participation. Our target sample size, calculated using a one-tailed t-test with α 0.05, β 0.10, and assumed effect size of 1.5 hours based on previously published data [4] , was 80 (40 per group).
Patients
To participate, patients had to be admitted to one of the five GIM wards during the three week data collection period, be 18 years or older, able to communicate in English, and willing/able to consent and complete the outcome questionnaires. Patients were excluded if they had a life expectancy of less than three months, significant cognitive impairment (score of less than 5 on the Short Portable Mental Status Questionnaire) [9] , or were previously enrolled in the study. Discharge location and history of pre-existing sleep disorders were not exclusion criteria.
Intervention
Two of the five wards implemented our 'TUCK-in' protocol, and three units continued standard-ofcare. All five units have a similar layout, comprised of private and semiprivate (2-4 person) rooms. Our intervention included a night-time lights-off and minimal-sound policy (from 10.00pm to 6.00am), bedtime cuing prior to 10.00pm with suggested timed toileting, and offering disposable earplugs. Night-shift staff were encouraged to identify interruptions felt to be potentially unnecessary on a daily communications board, to be reconsidered and potentially discontinued by the care team each morning. Educational sessions were held with physicians and nursing staff, and the protocol was implemented one week prior to data collection. Informational posters were also placed in staff areas. The wards to which patients were admitted were allocated by first availability, and patient populations were expected to be similar between intervention and standard units. Patients were not explicitly told if they were on an intervention or control unit.
Data collection
Patients were approached within 48 hours of expected discharge. Eligible participants completed an English-language questionnaire (Appendix A) on perceived sleep quality and factors affecting sleep quality. Participants also completed the Verran and Snyder-Halpern (VSH) sleep scale, a validated, 15-item visual analogue scale to measure the previous night's sleep quality [10] . Each item on the scale is scored from 0-100 mm. There are three subscales to reflect sleep disturbance, effectiveness and supplementation. A high score indicates worse sleep for the sleep disturbance and supplementation subscales and better sleep for the sleep effectiveness subscale. A chart review was performed for concurrent illnesses, primary reason for hospitalization, and sleep pharmaceutical use at home and in hospital.
Statistics
All data were analysed using SAS version 9.4 (Cary, NC) and statistical significance was defined as p < 0.05. Multivariate models included age, sex, variables under p-value ≤0.10 threshold difference between populations, and variables previously identified as significant [4] .
Results
We screened 128 patients for study eligibility. Of these, 10 failed cognitive screening, 12 were unable to communicate in English, 17 declined participation, 3 were excluded for limited life expectancy, and 5 did not fully complete the questionnaires. Patient characteristics were similar between intervention and control units, although participants from the intervention wards were less likely to have performed shift work in the past year but were more likely to have a self-reported diagnosis of a sleep disorder or pulmonary disease (Table 1 ) -all of these factors were considered in the multivariate analysis. 
Sleep outcome measures
No significant differences were found in self-reported duration of night-time sleep in hospital (median 5.0 versus 5.0 hours, p = 0.29) or daytime sleep in hospital (median 1.0 versus 0.5 hours, p = 0.43) between the intervention and control patients, respectively. There was also no significant difference between intervention and control patients by VSH subscales, or cumulative sleep disturbance (median 420 versus 359, p = 0.19), efficacy (median 169 versus 192, p = 0.29), or supplementation (median 97 versus 100, p = 0.51) scales. No significant differences between individual units were found when analysed separately.
Multivariate regression analysis was performed for self-reported average night-time sleep in hospital ( Table 2) . Only sex was significantly associated with duration of sleep (females reported longer sleep duration); intervention group was not significantly associated with sleep duration, nor were history of sleep disorder, single versus multi-patient rooms, or shift work.
Sleep aid usage
Sleep aid use was similar between the intervention and control units (30% versus 29.3%, p = 0.943). Zopiclone was the most commonly prescribed sleep aid, received by 17% of patients, followed by benzodiazepines (6%), antipsychotics (6%), antidepressants (4%), and melatonin (2%).
Qualitative data
Reasons for poor sleep given by patients were similar to previous studies. Noise was cited by 48% of 
Discussion
Sleep quality, by self-reported duration of sleep and by VSH sleep scores, did not change significantly with the 'TUCK-in' protocol. Although intervention ward staff reported good implementation of the protocol, patients in intervention wards identified the same barriers to good sleep as patients on control units, including factors that our protocol was designed to address. This study may have been influenced by a lack of true blinding. Patients were not purposefully made aware of their unit type, but many on the intervention units were cued by their care and/or the posters. This may have biased them to hold higher expectations. We also note that our study was conducted during a time of increased overcapacity utilization (i.e., rooms designed for 2 patients accommodating 3) compared with our pilot study in 2015 [4] . During these higher volume times, there are often more admissions during the night. These factors may have created additional challenges to sleep quality that our intervention was unable to address. Sleep quality for both the intervention and control groups was worse by self-reported measures and VSH scales when compared to our previous data on the same wards.
Encouragingly, multidisciplinary staff, particularly nursing, felt the protocol was beneficial to patient care, and have continued the protocol months after study period completion, suggesting there may be benefits not captured by our study outcomes.
Conclusions
Optimization of the hospital environment, including night-time sound and light minimization, limiting unnecessary interruptions, and bedtime cuing, to support inpatient sleep is attainable with multidisciplinary support. However, it remains unclear whether this translates into improved quality and/or quantity of sleep or improvements in inpatient outcomes.
